The Galaxy rotation curve is usually assumed to be flat. However, some galaxies have Keplerian rotation curves in the outer part of the galaxy. In our Galaxy the Keplerian rotation of interstellar clouds in the direction of l = 135
Introduction
The current consensus is a flat rotation curve of our Galaxy. Reid et al. (2014) have obtained flat rotation curve basing on proper motions and trigonometric parallaxes of masers associated with high-mass star forming regions. To sustain constant linear velocity dark matter must be present in our Galaxy.
The term 'dark matter' first appeared in a paper by Kepteyn (1922) . Later Zwicky (1933) has estimated that the density of dark matter is grater than the amount of visible matter. His estimations were based on galaxy velocities in the Coma Cluster. Today we observe dark matter thru the gravitational lensing of galaxy clusters. In cosmology, in the ΛCDM model we have 26% of density in dark matter, and only 5% of density in barionic matter (Ade et al., 2016) .
However, some galaxies have Keplerian rotation curve. Jałocha et al. (2008) have obtained mass distribution of the M 94 galaxy basing on rotation curve, infrared luminosity and HI observations. The authors state that the obtained mass distribution leaves no much room (if any) for dark matter. In a sample of 45 spiral galaxies analyzed by Honma & Sofue (1997) 11 galaxies have Keplerian rotation curve. So about 1/4 of galaxies in their sample show Keplerian rotation.
The presence of dark matter in our Galaxy has been questioned by Moni Bidin et al. (2012) . They calculated the surface mass density at Sun position. The surface mass density as a function of distance from the galactic plane matches the visible mass alone, and no dark component is required to account for the observations. Sikora et al. (2012) have analyzed microlensing events in the inner part of our Galaxy. The number of microlensing event is consistent with the amount of matter inferred from Galaxy rotation curve. Authors wrote: this result suggests that non-barionic mass component may be negligible in this region. Galazutdinov et al. (2015) have analyzed the Galactic rotation basing on interstellar clouds. They have used interstellar CaII absorption line to obtain both radial velocity and distance. They have analyzed only the direction l=135 • and stated that the Galactic rotation curve outside of the Solar orbit in that direction is Keplerian.
The Galactic rotation of old open clusters was analyzed by Gnaciński & Młynik (2017) . The rotation of old open clusters in the outer part of Galaxy agrees better with Keplerian curve than with flat rotation curve. They proposed an explanation of various (flat/Keplerian) results of Galaxy rotation curves. If the orbits of objects are noncircular and the formula for rotation velocity is derived with the assumption of circularity then we get a very large spread of points, which mimics the flat rotation curve. The non-circularity is justified by radial velocities measured in the Galactic anti-center. Furthermore, a star located 23 kpc from Galaxy center needs 1 Gyr for one rotation around Galaxy (assuming Keplerian rotation). So there may be to few revolutions to circularize the orbit.
In this paper we analyze the rotational velocities of Cepheids derived from radial velocities and from proper motion. We compare the rotational velocities of Cepheids to the flat and Keplerian rotation curves.
Data
This paper is based on Cepheids catalogue presented by Mel'nik et al. (2015) . It is a compilation of measurements for 674 Cepheids. The catalogue includes periods, Vbands magnitude, heliocentric distances, heliocentric radial velocities and proper motions of classical Cepheids.
We have used the Sun -Galactic Center distance R ⊙ = 8 kpc and the Sun velocity of v ⊙ = 240 km s −1 (Honma et al., 2012 (Honma et al., , 2015 Sofue, 2016) . The rotation velocity of Cepheids was compared with the Sofue et al. The angular rotational velocity was calculated using formula derived for circular orbits (eg. Bhattacharjee et al., 2014) 
The star distance r is the projection of galactocentric distance on the galactic plane
where d is the heliocentric distance to Cepheid. According to Mel'nik et al. value in our error calculations. We have used the angular velocity because it does not depend on distance r. The errors of distance are usually large and therefore angular velocity is preferred over linear velocity.
Monte-Carlo simulations (see Gnaciński & Młynik, 2017) of stars on elliptical orbits with Keplerian motion shows that even for huge eccentricities (e distributed uniformly in the range 0-0.9) the binned average of velocity stays close to the assumed Keplerian rotation curve.
We have calculated the χ 2 once from the difference of distances (because the errors of distance are larger than the errors of angular velocity)
and the second time from the difference in angular velocity (because the angular velocity has an unknown error from non-circular motion)
The χ 2 was calculated for Cepheids located further than the Galactic center -Sun distance. We did not take into χ 2 calculation the errors of distance or angular velocity because the formally calculated errors vary by 4 and 3 orders of magnitude respectively. Moreover these errors do not take into account the effects of non-circular orbits.
We have used various selection criteria for the analyzed sample. The stars located near Galactic antycenter (l = 180 • ) must be excluded from the analysis, because the sin l in the denominator of eq. 2 leads to unphysical velocities (larger than the escape velocity from our Galaxy). We compare the Cepheids angular velocities with three models of Galaxy rotation curve. The first one is the flat Galaxy rotation model by Sofue et al. (2009) converted to Sun velocity v ⊙ = 240 km s −1 . The second one is a flat rotation curve with linear velocity equal to Sun velocity. The third one is a Kepler rotation curve.
For all investigated selection criteria and using different Sun velocity vectors the χ 2 is lowest when comparing Cepheids data with Keplerian rotation curve (table 1). The angular rotation velocities derived from radial velocities are presented on figure 1. Note that stars with galactocentric distance less than R ⊙ are close to flat rotation curve, while further star are close to the Keplerian one.
Rotation curve derived from proper motion
Proper motion is given for 246 Cepheids out of 674 in the Mel'nik et al. (2015) catalog. The angular velocity of Galaxy rotation was calculated using standard formula (derived with the assumption of circular orbits):
where v t = µ l · d and µ l is the proper motion in galactic longitude. The stars with small denominator in eq. 6 were excluded from the analysis, because small denominator leads to nonphysically large velocities. The formally calculated errors of angular velocity calculated from the proper motion (eq. 6) vary by 5 orders of magnitude between different stars. Therefor the errors were not used in calculation of χ 2 . The χ 2 was calculated only from stars located beyond the Sun orbit using the formula We have compared the rotational angular velocities of Cepheid derived from proper motion to the flat and Keplerian rotation models mentioned in the previous section. Again the rotational velocities are closer to Keplerian rotation curve than to the flat rotation curves (table 2) . The results are presented on figure 2.
Discussion
Both radial velocity and proper motions of Cepheids leads to rotation velocities that agree better with Keplerian rotation curve than with flat one. After interstellar clouds (Galazutdinov et al., 2015) and old open clusters (Gnaciński & Młynik, 2017) its the third suggestion, that the outer parts of our Galaxy may have Keplerian rotation.
Of course the hypothesis that the outer Galaxy rotation curve is Keplerian does not exclude the presence of dark matter in our Galaxy. The dark matter is usually bound to galactic clusters, and in the Milky Way it can be distributed homogeneously.
Conclusions
The main results are:
• The angular rotation velocities derived from radial velocities of Cepheids in outer parts of our Galaxy are closer to Keplerian rotation curve than to the flat one.
• The angular rotation velocities derived from proper motion of Cepheids in outer parts of our Galaxy are also closer to the Keplerian rotation curve.
The Keplerian rotation of our Galaxy indicates, that the amount of dark matter in our Galaxy may be much lower than usually assumed, or even negligible.
